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Introduction 

To achieve energy independence in the United S ta tes ,  converting coal t o  o i l  o r  
ex t rac t ing  o i l  from shale will be required. Before comnercial sca le  fos s i l  fuel con- 
version f a c i l i t i e s  become a r e a l i t y ,  chemical and biological s tud ies  of cur ren t ly  
ava i lab le  synfuel samples derived from coal o r  shale a re  urgently needed i n  order t o  
determine what the potential  health problems, such as  from occupational exposure, 
m i g h t  be. 

( 2 )  i s  f a r  higher t h a n  t h a t  i n  petroleum (average N-content in petroleum i s  0.05-0.1%) 
(3) .  
found i n  crude synfuels, and t h i s  could lead t o  s ign i f i can t  health o r  environmental 
impact. 
important pursuit. 

Aromatic nitrogen compounds such as  basic aza-arenes, neutral aza-arenes, and 
aromatic amines a re  considered environmentally important and several members of these  
c lasses  of compounds possess biological ac t iv i ty .  For example, dibenz(a,h)acridine,  
7 H-dibenzo(c,g)carbazole, and 2-naphthylamine (4) ,  a re  well known as  carcinogens. 
In t h i s  paper, the methods used t o  i so l a t e  the  basic aromatic nitrogen compounds and 
neutral aza-arenes from one sha le  o i l  and one coal-derived o i l  will  be discussed. 
The mutagenic a c t i v i t i e s  of these f rac t ions ,  based on the Ames Salmonella typhimurium 
t e s t ,  will be compared. 

The nitrogen content e i t h e r  o f  sha le  o i l  (1-2%) (1)  or coal derived o i l  (1-1.5%) 

This means enormous amounts of nitrogen containing species will  be produced and 

Clearly, a thorough characterization of nitrogen compounds i n  synfuels i s  an 

Experimental 

Samples 

A shale o i l  was obtained from the Laramie Energy Research Center's 150-ton r e t o r t  

Three phases were pro- 

The o i l  phase has been studied i n  t h i s  laboratory (5,6) 

operated fo r  above ground simulation of in-situ re tor t ing .  
was an intimate emulsion of so l id s ,  water and o i l ;  the emulsion was collapsed by cen- 
t r i fuga t ion  a t  2500 RPM f o r  about 20 min. a t  room temperature. 
duced: 
an aqueous phase (%30% vol.). 
and s imi la r  samples from other r e t o r t  runs have been examined by o thers ,  p r inc ipa l ly  
by workers a t  the  Laramie Energy Research Center (1,7,8). 

A crude coal l iqu id  ( n o t  necessarily representative of any f ina l  production sca le  
product) was obtained from the Pittsburgh Energy Research Center. This material was 
very viscous, contained no water, and had a small amount of f i l t e r a b l e  so l id s  (>5 urn 
range). 

Separation Procedures 

t r a l  aza-arenes from synfuels. 
whole sample, the neutral f rac t ion  was loaded onto a Sephadex LH-20 gel column. 
column was eluted sequentially with 250 ml of isopropanol (Fraction AP) and 600 m l  
of acetone (Fraction AFIOM). Pentadecane and naphthalene were used t o  ind ica te  the appro- 
p r i a t e  cu t  between e lu t ion  of a l ipha t i c  compounds and 2 - r ing  aromatic compounds. 

XFaculty Research Member, University of Mississippi. 

The raw o i l  from the r e t o r t  

an o i ly  top phase (%50% vol.) ,  a gelatinous intermediate phase ( ~ 2 0 %  vol . ) ,  and 

Neutral aza-arenes. Figure 1 shows the separation scheme f o r  i so la t ion  of neu- 

The 
After removing ac id ic  and basic components from t h e  
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Acetone was removed from F r a c t i o n  AROM and t h e  res idue  was separated i n t o  th ree  sub- 
f r a c t i o n s  on a s i l i c i c  a c i d  column: F r a c t i o n  I (PAH), e l u a t e  from 1200 m l  benzene/ 
hexane (1/3); F r a c t i o n  I 1  ( n e u t r a l  aza-arenes), e l u a t e  f rom 600 ml benzene/hexane (2/1) ;  
and F r a c t i o n  111 ( p o l a r ) ,  e l u a t e  from 600 m l  e thanol .  A m ix tu re  o f  a number o f  PAH 
compounds (pyrene, C14-carbazole and 7 H-dibenzo(c,g)carbazole) were chromatographed 
i n  e s t a b l i s h i n g  t h i s  procedure. 

t h e  o i l s  i n  d i e t h y l  e t h e r  and e x t r a c t i n g  t h e  ac ids  w i t h  a 1 M NaOH s o l u t i o n .  
e x t r a c t i o n  w i t h  1 HC1 removed t h e  bas i c  components which were f u r t h e r  p a r t i t i o n e d  
between an aqueous/ehter phase a t  pH 11. The bas i c  f r a c t i o n s  a r e  conta ined i n  t h i s  
e t h e r  phase. 
shows the s u b f r a c t i o n a t i o n  scheme used t o  f u r t h e r  separate bas i c  f r a c t i o n  cons t i t uen ts .  
The bas ic  f r a c t i o n  was p laced on to  a bas i c  alumina column. The column was e l u t e d  w i t h  
500 m l  benzene (benzene s u b f r a c t i o n )  fo l l owed  by 700 m l  e thanol .  
and t h e  r e s i d u e  was separated f u r t h e r  on a Sephadex LH-20 ge l  column. 
e l u t e d  s e q u e n t i a l l y  w i t h  250 m l  of isopropanol  ( isopropanol  s u b f r a c t i o n )  and 600 m l  o f  
acetone (acetone s u b f r a c t i o n ) .  

Basic  alumina (100-200 mesh, AG-10, Bio-Rad Lab- 
o r a t o r i e s ) ,  Sephad:x LH-20 ge l  (25-100 u, Pharmacia F ine Chemicals) and s i l i c i c  a c i d  
(100 mesh, M a l l i c k r o t t ,  washed success ive ly  w i t h  hexane, acetone, and methanol; a c t i -  
vated i n  150°C oven f o r  16 hours) were used f o r  column packings. 
alumina were added t o  75 m l  o f  benzene i n  a mod i f i ed  50 m l  b u r e t  column. 
column was prepared by s w e l l i n g  75 g o f  t h e ' g e l  i n  isopropanol  w i t h  s u f f i c i e n t  excess 
t o  form a pourab le  s l u r r y .  
a l lowed t o  compact by t h e  g r a v i t y  e l u t i o n  o f  50-100 m l  o f  isopropanol .  
column was made by p o u r i n g  a s l u r r y  o f  100 g o f  s i l i c i c  a c i d  i n  hexane i n t o  a 2.5 cm 
(O.D.)x 50 cm g lass  column. 

s o l u t e  ethanol. 
sc r i bed  elsewhere ( 1 0 , l l ) .  

Basic components. Basic  f r a c t i o n s  o f  t h e  o i l s  were produced by f i r s t  d i s s o l v i n g  
A second 

F u r t h e r  d e t a i l s  of t h i s  procedure a r e  repo r ted  elsewhere (9). F igure 2 

Ethanol was removed 
The column was 

Column pack in  s and reagents. 

F o r t y  grams o f  

The s l u r r y  was poured i n t o  t h e  250 m l  b u r e t  column and 

A Sephadex 

A s i l i c i c  ac id  

A l l  so l ven ts  were reagent  grade and were f r e s h l y  d i s t i l l e d  except  f o r  t h e  ab- 
Reagents prepared f o r  t h e  m i c r o b i a l  mutagenesis b ioassay a re  de- 

GC/MS 

G U M S  da ta  were obta ined us ing  a Perkin-Elmer Model 3920 gas chromatograph i n t e r -  
faced t o  a DuPont 21-490B mass spectrometer v i a  a g lass  j e t  separator .  
s p l i t t e r  p rov ided  about  a 2:l  s p l i t  between t h e  mass spectrometer and a f lame i o n i z a -  
t i o n  de tec to r ,  r e s p e c t i v e l y .  A Hewlett-Packard 21-0948 data system i n t e r f a c e d  t o  the 
mass spectrometer p rov ided  f o r  t h e  generat ion o f  mass spect ra,  mass chromatograms, 
l i b r a r y  searches, e t c .  A g lass  GC column o f  20 ft. x 1/8-in. O.D. was packed w i t h  
3% Dexsi l  400 on 100/120 mesh Chromosorb 750 and i n s t a l l e d  w i t h  g r a p h i t e  f e r r u l e s .  
GC temperature p r o g r a m i n g  was from 100°C (8  minutes hold)  t o  320°C a t  a l i n e a r  r a t e  
of increase o f  l " /min.  I n j e c t o r  and d e t e c t o r  temperatures were s e t  a t  320"C, he l ium 
gas i n l e t  pressure a t  100 ps ig,  MS i o n i z a t i o n  vo l tage  a t  70 eV, mass scan r a t e  a t  2 
seconds/decade and t h e  MS r e s o l u t i o n  a t  about 600. 

genera l l y  employed.g The experi;ental procedures a r e  descr ibed by Ames e t  a l .  (10). 
B r i e f l y ,  t h e  b a c t e r i a  a r e  added t o  a s o f t  agar c o n t a i n i n g  n u t r i e n t s  and i n  some cases, 
enzyme a c t i v a t i o n  p repara t i ons  along w i t h  t h e  substance being tested.  
c o n d i t i o n  i s  t h a t  t h e  amino ac id,  h i s t i d i n e ,  i s  absent. The suspension, con ta in ing  
approx imate ly  2 x 108 bac te r ia ,  i s  o v e r l a i d  on minimal agar p l a t e s  and incubated. 
If t h e  t e s t  substance i s  a mutagenic a e n t  i n  t h i s  system, then l a r g e  co lon ies  
(which have r e v e r t e d  t o  t h e  w i l d  typey a r e  ev iden t  on t h e  p l a t e  and can be 
counted, i.e., by mu ta t i on  they can produce t h e i r  own h i s t i d i n e  and grow i n  a 

An e f f l u e n t  

M ic rob ia l  Muta enes is  Assa . Salmonella typhimurium bac te r ia ,  s t r a i n  TA98, were 

The e s s e n t i a l  
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h i s t i d i n e - f r e e  medium. 
then no mutat ions have occurred. A t e s t  c o n s i s t s  o f  assays a t  seve ra l  concen t ra t i ons  
of t e s t  substance i n  o rde r  t o  o b t a i n  a dose-response curve. 
r e q u i r e  m e t a b o l l i c  a c t i v a t i o n  w i t h  l i v e r  homogenate preparat ions.  

If no co lon ies  form except  f o r  a c o n t r o l  background l e v e l ,  

Some p o t e n t i a l  mutagens 

Resul ts  and Discuss ion 

Neu t ra l  Aza-arenes 
1 

The procedures used f o r  t he  i s o l a t i o n  o f  n e u t r a l  aza-arenes f rom s y n t h e t i c  
crude o i l s  evolved i n  D a r t  f rom an e x t r a c t i o n  scheme and a ge l  f i l t r a t i o n  chromato- 
graphic  scheme (5, 12)  developed i n  t h i s  l abo ra to ry .  The s i l i c i c  a c i d  adso rp t i on  
chromatography s tep was developed by Snook e t  a l .  (13) t o  i s o l a t e  i ndo le /ca rbazo le  
from c i g a r e t t e  smoke condensate. 
uated and some m o d i f i c a t i o n s  have been made t o  make t h e  system compat ib le  w i t h  a 
g r a v i t y  f low column. 
achieved by e l u t i n g  t h e  column w i t h  1/3 (benzene/hexane) f o l l o w e d  by 2/1 (benzene 
hexane). However when l a r g e  q u a n t i t i e s  o f  a l i p h a t i c  compounds a r e  p resen t  i n  t h e  
sample, these contaminate a l l  t h e  e l u a t e  f r a c t i o n s .  I t  i s  necessary t o  remove 
major  p o r t i o n s  o f  a l i p h a t i c  components p r i o r  t o  t h e  s i l i c i c  a c i d  step. Gel f i l t r a -  
t i o n  chromatography w i t h  a Sephadex LH-20 column e l u t e d  w i t h  isopropanol  i s  e f f e c -  
t i v e  f o r  removing a major  p o r t i o n  o f  a l i p h a t i c  and polymer ic  compounds w h i l e  re -  
t a i n i n g  aromat ic  compounds o f  two r i n g s  and h igher .  Fu r the r  e l u t i o n  o f  t h e  column 
w i t h  acetone r e s u l t s  i n  t h e  q u a n t i t a t i v e  recovery o f  aromat ic  components i n  o r d e r  
o f  i nc reas ing  a r o m a t i c i t y  (5). S i l i c i c  a c i d  chromatography produced a r e l a t i v e l y  
pure n e u t r a l  aza-arene f r a c t i o n  ( F r a c t i o n  11), s u i t a b l e  f o r  GC/MS a n a l y s i s  and b i o -  
assay. The separa t i on  o f  PAH and n e u t r a l  aza-arene f r a c t i o n s  was f u r t h e r  con f i rmed  
by a chromatographic s tudy o f  o i l  samples. sp iked w i t h  l a r g e  excesses o f  benzo(a)- 
pyrene a long w i t h  carbazole. 
showed t h a t  carbazole was n o t  e l u t e d  f rom t h e  column w i t h  even as much as 1600 ml 
1/3 (benzene/hexane). The recovery o f  C14-carbazole f rom t h e  s i l i c i c  a c i d  column 
with 2/1 (benzene/hexane) was 97% f o r  t he  coa l  d e r i v e d  o i l  and 75% f o r  t h e  shale 
o i l .  T h i s  agrees w e l l  w i t h  da ta  on c i g a r e t t e  smoke condensate (13). 

The presence o f  i ndo le /ca rbazo le  analogues i n  F r a c t i o n  I 1  f rom bo th  o i l  sam- 
p l e s  i s  a l s o  supported by t h e i r  I R  spect ra.  These f r a c t i o n s  have a sharp band a t  
3430 cm-l which i s  no rma l l y  found i n  the  I R  spectrum o f  carbazole and i s  cha rac te r -  
i s t i c  o f  the N-H group i n  these compounds. 

FID and an NPD, we found t h e  m a j o r i t y  o f  t h e  GC peaks were n i t r o g e n  c o n t a i n i n g  
compounds. 

aromat ic  protons c lose  t o  u n i t y  (1.06) i n d i c a t i n g  t h a t  o n l y  a few a l k y l  groups a r e  
conta ined i n  F r a c t i o n  11. Th is  r e s u l t  seems t o  be c o n s i s t e n t  w i t h  t h e  obse rva t i on  
from GC/MS ana lys i s  i n  which the  b i g g e s t  a l k y l  s u b s t i t u e n t  was s i x  carbons. 

predominant presence o f  n i t r o g e n  compounds i n  F r a c t i o n  11. 
components a r e  C1-C3 phenylpyrro les,  i ndo le ,  Cl-Cr, i ndo les ,  C1-C3 phenyl indoles,  
carbazole, C1-C5 carbazoles, benzocarbazoles, and C1-C3 benzocarbazoles. 

i n  Table 1. 
r i a l  i n  t h e  shale o i l .  
were est imated by e x t e r n a l  s tandard c a l i b r a t i o n  based on GC peak he igh t .  

But t h e  s i l i c i c  a c i d  chromatography has been e v a l -  

A good separa t i on  between PAHs and n e u t r a l  aza-arenes was 

Tracer  s tud ies  o f  o i l  samples sp iked w i t h  C14-carbazole 

I n  a peak by peak comparison o f  GC p r o f i l e s  o f  F r a c t i o n  I1 ob ta ined  w i t h  an 

The p ro ton  NMR spectrum o f  F r a c t i o n  I 1  gave a r a t i o  o f  a l i p h a t i c  p ro tons  t o  

The odd m/e values o f  molecular  i ons  obta ined f rom GC/MS data conf i rmed t h e  
T e n t a t i v e l y  i d e n t i f i e d  

The weight  d i s t r i b u t i o n  o f  a l i p h a t i c  and aromat ic  sub f rac t i ons  a r e  l l s t e d  

They 

N-heterocyc l ic  m a t e r i a l  i s  much l e s s  than aromat ic  hydrocarbon mate- 
The q u a n t i t i e s  o f  carbazole i n  the  o r i g i n a l  o i l  samples 
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a re  147 ppm f o r  the  sha le  o i l  and 268 ppm f o r  the coal-derived o i l .  
lack of standard neutral  nitrogen-heterocycl i c  compounds, the quant i ta t ive  data,  
except for carbazole, a re  not  available a t  this time. 

of coal-derived o i l  and several commercially ava i lab le  neutral aza-arenes. Indole 
and carbazole, exh ib i t  no mutagenicity. 
carbazole gave a s l i g h t  b u t  de f in i t e  posit ive mutagenic a c t i v i t y  a t  a l o w  dose range 
(below 25 vg/plate).  
due t o  the tox ic  e f f e c t  a t  a higher dose range. 
substi tuted compounds were not ava i lab le  f o r  t h i s  study. Despite t he  incompleteness 
of this  study, the co r re l a t ion  between chemical s t ruc tu re  and mutagenic ac t iv i ty  i s  
expected t o  be in general agreement w i t h  t ha t  observed w i t h  PAH (14). 
which contains mostly a l ipha t i c  and polymeric consti tuents shows no mutagenic ac- 
t i v i t y  as expected. PAH subfractions exhibit  the lowest spec i f ic  a c t i v i t y  among the 
three subfractions. The neutral  aza-arene f rac t ions ,  which a re  normally isolated 
w i t h  PAH f rac t ions ,  have more than two times the  spec i f i c  ac t iv i ty  of the PAH fraction. 
This indicates t h a t  t h e  ana lys i s  of neutral aza-arene f rac t ions  of synfuels a re  as 
important a s  PAH analysis.  The higher spec i f ic  a c t i v i t y  of the neutral aza-arene 
fraction may contain subs tan t ia l  quant i t ies  of multi-ring compounds. 
fractionation of the neutral  aza-arene f rac t ions  in to  f rac t ions  with aza-arenes of 
approximately the same r ing  s i zes  i s  presently being undertaken. 

nitrogen compounds a r e  the most bioactive among compounds i n  the  basic f rac t ion ,  we 
recently developed a separation method which i so l a t e s  the mutagenically ac t ive  com- 
pounds from the  bulk of the  base f rac t ion  (15).  
i n  Figure 2. T h i s  separation method was devised using a microbial mutagenesis bio- 
assay as a l iqu id  chromatographic detector in the development of the  chromatographic 
subfractionation procedure. 
three basic subfractions o f  the  synfuels. The b ioac t iv i t i e s  of several commercially 
available compounds and three  t h a t  were synthesized in t h i s  laboratory a re  l i s t ed  in 
Table 4 f o r  comparison. About 90% of the basic mutagenic ac t iv i ty  i s  recovered in 
the acetone subfraction which comprises about 10% of the  basic fraction. 
ges t s  tha t  the method can be used f o r  i so la t ion  of basic mutagenic components from 
samples of d i f f e ren t  or ig ins  ( in  t h i s  case o i l  shale o r  coal) .  To demonstrate the 
u t i l i t y  of the method, 3 d i f f e ren t  k i n d s  of c iga re t t e  smoke condensates were frac- 
tionated using t h i s  scheme and the mutagenic compounds were a l so  concentrated in the 
acetone subfraction. 
subfractions i s  C3-C13 a1 kyl substi tuted pyridines. 
commercially ava i lab le  pure pyridines (such a s  pyridine and C I - C ~  pyridines) and one 
specially synthesized C9-pyridine a re  essent ia l ly  zero i n  agreement w i t h  these resu l t s .  
The major compounds i n  the isopropanol f rac t ions  a r e  pa r t i a l ly  hydrogenated 1-2 ring 
aza-arenes. 

Because of 

Table 2 summarizes the mutagenicity test data on the f o u r  neutral subfractions 

Highly carcinogenic 7 H-dibenzo(c,g)- 
l 

Specific ac t iv i ty  could not be determined f o r  t h i s  compound 
Benzocarbazoles and t h e i r  alkyl- 

Fraction AP I 

The fur ther  sub- ' 

I 

Basic nitrogen compounds. To fur ther  understand what c lasses  or types of basic I 

The subfractionation scheme i s  shown 

Table 3 summarizes the mutagenicity test data on the 

That sug-  

GC/MS data indicate t h a t  the major compound type o f  the benzene 
Mutagenic a c t i v i t i e s  of some 

Biological data on compounds of t h i s  type a re  not available fo r  comparison. 

The acetone subfraction of shale oil  was about half  as  mutagenic as benzo(a)- 
pyrene while the  coal-derived o i l  subfraction was about four times m ~ r e  active.  GC/  
MS data ind ica te  multi-ring aza-arenes comprised a large portion of the acetone sub- 
f rac t ion ,  e.g. aza-benzoperylene, aza-indenopyrene, and aza-coronene have been iden- 
t i f i e d .  This finding i s  cons is ten t  w i t h  b ioac t iv i ty  data from a few multi-ring aza- 
arene compounds such as  d i  benz(a,j )acridine (13,oM) rev/mg), g-methyl-lO-aza-benz?(a)- 
pyrene (30,000 rev/mg) and 10-azabenzo(a)pyrene (130,000 rev/mg). The purposes i n  
synthesizing two nitrogen isologs of benzo(a)pyrene was, f i r s t ,  t o  confirm the higher 
mutagenic a c t i v i t y  o f  multi-ring aza-arenes, which comprise a large portion of the 
acetone subfraction, and t o  compare the i r  a c t i v i t i e s  w i t h  the mutagenic ac t iv i ty  of 
benzo(a)pyrene. 10-azabenzo(a)pyrene i s  two times more ac t ive  than benzo(a)pyrene. 
A methyl g roup  on the  9 posit ion of azabenzo(a)pyrene, decreases !he mutagenic ac t iv-  
i t y .  
a t  the  7 and 8 posit ion.  

This m i g h t  be explained by s t e r i c  hindrance toward the forming of an epoxide 
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The presence o f  aromat ic  amines i n  t h e  a c t i v e  s u b f r a c t i o n  f rom bo th  o i l  sam- 
p l e s  was f i r s t  suggested from t h e i r  I R  spect ra.  Bands a t  3220 cm-' and 3370 cm-l, 
which a r e  normal ly  found i n  t h e  I R  spec t ra  o f  aromat ic  amines, a r e  c h a r a c t e r i s t i c  
of t h e  amino compounds i n  the  f r a c t i o n .  By a c e t y l a t i o n  o f  t h e  acetone sub f rac t i on ,  
we i s o l a t e d  l a r g e  amounts o f  p r imary  aromat ic  amides f rom t h e  acetone sub f rac t i on .  
A m i x t u r e  of t en  compounds c o n s i s t i n g  o f  4 aza-arenes and 6 aromatic amines (2,4,6- 
t r i m e t h y l  p y r i d i  ne, qu ino l  i ne, a c r i d i n e ,  d i  benz( a, h ) a c r i d i n e ,  N, N-d imethy lan i l  i ne, 
N-methy lan i l  ine, N-phenyl-2-naphthylamine, a n i  1 ine,  2-naphthylamine, and l-amino- 
pyrene) was separated on a b a s i c  alumina column fo l l owed  w i t h  a Sephadex LH-20 
column. 
a c r i d i n e  were concentrated i n  t h e  acetone sub f rac t i on .  
t h e  p r imary  aromatic amines as w e l l  as m u l t i - r i n g  aza-arenes a re  producing t h e  muta- 
genic  a c t i v i t i e s  o f  t h e  acetone sub f rac t i ons .  
t o  f u r t h e r  separate t h e  acetone s u b f r a c t i o n  i n t o  p r imary  amines and m u l t i - r i n g  aza- 
arenes. 
e f f e c t s  o f  these c lasses o f  compounds. 

A l l  p r imary amines (1,2, and 4 - r i n g  compounds), q u i n o l i n e  and dibenz(a,h)- 
T h i s  f i n d i n g  may mean t h a t  

A l o g i c a l  ex tens ion  o f  t h i s  work i s  

Th is  should l e a d  t o  some impor tan t  conc lus ions rega rd ing  the  mutagenic 
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Tab le  1. Weight D i s t r i b u t i o n  o f  Neu t ra l  F rac t i ons*  

Weight % D i s t r i b u t i o n  
Shale O i l  Coal-Derived O i l  

A l i p h a t i c  and Polymeric (AP)  85.1 

Aroma t i c  (AROM) 14.9 

PAH ( I )  10.1 

Neu t ra l  Aza-arene (11) 1.4 

P o l a r  (111) 4.3 

35.1 

62.9 

35.9 

9.5 

17.7 

* 
Acid-base e x t r a c t i o n  y i e l d  89.6% by we igh t  o f  n e u t r a l  f r a c t i o n  
f rom sha le  o i l  and 56% f rom coa l -de r i ved  o i l .  
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I ,  

Table 2. Mutagenic A c t i v i t i e s  o f  t h e  Neu t ra l  Sub f rac t i ons  
o f  a Coal-Derived O i l  and Some Neutra l  Aza-arene Compounds 

Fraction/Compound S p e c i f i c  A c t i v i t y  (rev/mg)* 

A l i p h a t i c  and Polymeric F r a c t i o n  (AP) 0 

PAH F rac t i on  ( I )  1390 

Neutra l  Aza-arene F r a c t i o n  (11) 3250 

Po la r  F r a c t i o n  (111) 3380 

0 

H 

CH3 
H a H 

H 

0 

** 

-~ 
*Tested on TA98 w i t h  A r o c l o r  S-9. 
** 

Four - fo ld  i nc rease  over  spontaneous r e v e r s i o n  a t  dose below 25 ug /p la te .  
Tox ic  e f f e c t  developed a t  h i g h e r  dose. 
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Table 4. Mu tagen ic i t y  o f  Basic Aromatic Compounds* 

Compound Type - Basic Aza-arene S p e c i f i c  A c t i v l  t y  (rev/mg) 

0 

?.I& N 

340 

0 

0 

0 

6,000 

13,000 
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Table 4. Continued 

Compound Type - Basic  Aza-arene ( c o n t ' d )  & 
000 

c H d Y  000 
Aromatic Amine 

N;Z 

00 
*A roc lo r  induced. 

R = H, CH3, C2H5 

S p e c i f i c  A c t i v i t y  (rev/mg) 

130,000 

30,000 

0 

4,660 

0 
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Sample 

Acid-Base E x t r a c t i o n  I 

I 

\ . 
1% 

Basic F r a c t i o n  Neutral  F rac t i on  Ac id  F r a c t i o n  

Sephadex LH-20 

600 m l  Acetone 

I 
250 ml Isopropanol 

A l i p h a t i c  and Polymeric 
(AP) Aromatic 

( AROM ) 

S i l i c i c  Ac id  

I 1 
1200.ml B/Hx (1/3) 600 m l  B/Hx (2/1) 

I I 
PAH 
(1 )  

Neu t ra l  Aza-arene 
(11) 

600 m l  Ethanol 

I 

Figure 1. I s o l a t i o n  nf l l e u t r a l  Aza-arenes from Synfuels. 

Sample 

Acid-Base E x t r a c t i o n  

I 
Neut ra l  F rac t i on  ,\cid F rac t i on  

Base F r a c t i o n  

Basic Alumina 

Ethanol F r a c t i o n  

Sephadex LH-PO 

600 ml Acetone 

Benzene Sub f rac t i on  

I 
250 ml Isopropanol 

Acetone Sub f rac t i on  Isopropanol Subfract ion 

F igu re  2. Sub f rac t i ona t ion  o f  the Basic F r a c t i o n  o f  Synfuels. 
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